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OBJECTIVE 


The  objective  of  this  project  was  to  compound  and  test 
castable  polymers  for  potential  use  in  the  fabrication  of 
lightweight,  high  impact-resistant,  low-cost  weapon  com¬ 
ponents. 


INTRODUCTION 


Results  of  previous  evaluations1  of  castable  polymers 
indicated  that  liquid  polyether  urethanes  have  potential 
for  use  in  certain  weapon  applications.  The  major  effort 
of  this  earlier  investigation  involved  the  castable  ure¬ 
thanes  in  the  lower  (90  and  less)  Shore  A  hardness  range. 
Late  in  this  previous  program,  urethanes  in  the  higher 
(65  to  85)  Shore  D  hardness  range  indicated  potential  use 
for  several  weapon  applications  such  as  butt  stocks,  butt 
pads,  and  artillery  handwheels. 

For  the  higher  Shore  D  hardness  urethanes  to  be  useful 
in  the  aforementioned  applications,  a  number  of  factors 
required  investigation.  This  investigation  included  (1)  a 
determination  as  to  whether  the  pot  life  of  the  resin 
hardner  mixture  was  long  enough  to  permit  hand  casting  of 
end  items  without  deterioration  of  physical  properties, 

(2)  an  assessment  of  the  best  method  of  compounding  to 
achieve  optirnun  properties,  (3)  the  determination  of  the 
effect  of  a  wide  range  of  environmental  outdoor  conditions 
on  the  materials,  and  (4)  an  appraisal  of  the  resistance  of 
the  material  to  various  servicing  fluids  used  for  lubri¬ 
cating  and  cleaning  weapons,  and  to  nonservicing  fluids 
with  which  they  might  be  in  contact 

Determination  was  also  necessary  as  to  whether  the 
fabrication  of  specific  weapon  end  items  was  technically 
possible  on  a  laboratory  scale.  Therefore,  the  M16A1  butt 
stock/buct  pad  and  artillery  handwheels  were  utilized  as 
test  vehicles  to  further  evaluate  the  liquid  urethane  ma¬ 
terial  s . 


lVeroeven,  W  M. ,  "Castable  Elastomers  and  Plastics  for 
Weapon  System  Components,"  Research  Directorate, 
Weapons  Laboratory  at  Rock  Island,  Technical  Report 
RE-TR-71 -57 ,  August  1971 . 


In  this  report,  the  compounding  and  the  materials 
evaluation  are  covered,  plus  the  fabrication  and  the  labor¬ 
atory  evaluation  of  weapon  end  items  based  on  liquid  poly¬ 
ether  urethane  elastomers. 


PROCEDURE 

1.  Laboratory  Mixing  and  Casting  of  Liquid  Polymers 
a  Mixing  (Adiprenes  and  Vibrathane) 

(1)  Resin  was  weighed  into  a  resin  kettl  e  (f  i  tted 
with  a  thermometer,  vacuum  line,  and  agitator)  of  sufficient 
size  to  hold  the  resin  and  allow  for  volume  expansion  during 
deaeration. 

(2)  The  resin  was  heated  to  180°F  with  stirring 
under  a  vacuum  of  5mm  mercury  or  less  until  bubble  for¬ 
mation  stopped. 

(3)  The  vacuum  was  broken  and  the  molten  curative 
added  to  the  hot  resin. 

(4)  Curative  and  resin  were  thoroughly  hand  mixed, 
and  precautions  were  taken  to  minimize  air  entrapment. 

(5)  The  mixed  resin  was  cast  into  the  appropriate 
mold  (test  pad  or  end  item),  preheated  to  212°F,  and  cured 
in  an  air  oven  for  the  times  listed  in  Table  I. 

b.  Mixing  (Castethane  X 1 39 - 1 6 - 1  ) 

The  method  used  was  essentially  that  recommended 
by  the  manufacturer, 

(1)  Component  B  at  7 5 - F  was  weighed  into  a  beaker 
o f  sufficient  size  to  allow  for  volume  expansion  during  de¬ 
aeration 

(2)  The  required  amount  of  Component  A  was  added 
at  75:F,  and  the  two  components  were  thoroughly  mixed. 

(3)  The  mixture  was  placed  under  a  vacuum  of  5mm 
of  mercury  or  less  until  bubble-free 

(4)  The  mixed  resin  was  cast  into  a  mold  at  75°F 
and  cured  for  24  hours  at  75'F. 
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*65,4  parts  by  weight  of  Component  A/34, t>  parts  by  weight  of  Component 


c.  Casting 

Standard  test  pads  (0.075  X  6  X  6  inch}  were  cast 
with  a  commercially  developed  mold,  which  has  a  large 
reservoir  at  the  top  and  into  which  the  liquid  polymer  was 
poured  and  then  allowed  to  flow  down  to  fill  the  test  slab 
area.  In  thi„s  design,  air  is  forced  down  ahead  of  the 
liquid  polymer  and  is  then  vented  upward  and  out  through 
vent  channels  on  either  side  of  the  mold.  This  mold  de¬ 
sign  is  being  considered  as  a  standard  by  Subcommittee 
Dll  24  of  ASTM  Committee  Dll  for  casting  liquid  urethanes. 

2.  Testing 

Stress-strain  properties  were  determined  on  specimens 
cut  by  Die  C  of  ASTM  Method  D412-68  ?  These  specimens  were 
tested  with  an  lr.stron  YTCMl  tester  at  a  crosshead  speed 
of  1  inch  per  minute 

Hardness  was  determined  accordina  to  ASTM  Method  D2240- 

68 


Changes  in  properties  of  elastomeric  vulcanizates  re¬ 
sulting  from  immersion  in  liquids  were  obtained  by  ASTM 
Method  047 1-72 

Shear  strength  was  measured  on  cylindrical  specimens 
0.25  ’nCh  in  diameter  and  1  inch  in  length.  The  steel 
fixture  used  to  hold  the  shear  specimen  consisted  of  an 
outer  sleeve  with  outside  dimensions  of  1  X  l  X  3  inches 
and  an  inner  hollow  core  050  inch  square  running  the 
length  of  the  sleeve  A  0  50-inch  square  plunger  3  inches 
in  ’encth  was  fitted  snugly  into  this  sleeve.  A  0.25  inch 
hole  was  drilled  through  be.'.;:  the  sleeve  and  the  plunger; 
the  center  was  located  1.5  inches  from  either  end  of  the 
sleeve  and  0  31  inch  from  one  end  of  the  plunger  Shear 
strength  was  determined  as  follows:  the  holes  in  the 
plunger  and  in  the  sleeve  were  aligned,  the  specimen  was 
inserted  and  the  force  required  to  shear  this  specimen 
determined.  This  force  was  applied  to  the  plunger  at  a 
rate  of  0  05  inch  per  minute 


/  n  c  r  m 

« *  n 


Standards,  Part  28,  RuL»u«j»  ,  Carbon  Clack,  Gasket 
a  n-  o  v  i  a  n  $nripi-y  fnr  T  p  s  t,  inn  and  Materials, 

Pin  1 adel ph i a  ,  Pennsylvania  (  1  97  2  ) 
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Ultraviolet  radiation  exposures  were  run  in  an  Atlas 
Type  XW  Weather-Ometer  in  accordance  with  ASTM  Method 
D750-68 . 

Carbon  black  pigmenting  dispersions  were  mixed  by 
preparation  of  equal  parts  by  weight  of  fine  thermal 
carbon  black  (P33)  and  trioctyl  phosphate  (TOF).  Disper¬ 
sion  of  the  carbon  black  in  the  TQF  was  attained  by  use  of 
a  Waring  blender. 


RESULTS  AND  DISCUSSION 


As  previously  described,1  the  liquid  Adiprene  L - 3 1 5 
and  LD955  polymers  appeared  to  be  excellent  materials  for 
consideration  in  the  fabrication  of  butt  stocks,  butt  pads, 
and  artillery  handwheels.  For  these  polymers  to  be  useful 
in  the  foregoing  component  applications,  more  detailed  in¬ 
formation  is  required  than  was  available  at  the  time  of 
the  previous  report. 

Varicus  liquid  polyether  urethane  systems  were  com¬ 
pounded  and  evaluated  for  physical  properties,  mechanical 
properties,  and  envi ronmenta 1  stability  Results  are 
summarized  in  Table  I , 


Almost  all  liquid  urethane  materials  m  the  65  to  85 
Shore  D  hardness  range  have  a  pot  life  of  less  than  five 
minutes.  On  a  production  basis  with  a  casting  machine,  a 
pot  life  d s  short  as  this  might  often  be  desirable  How¬ 
ever,  on  a  laboratory  scale  for  which  mechanized  casting 
equipment  is  unavailable  and  on  a  production  basis  on  which 
large  parts  or  parts  having  complicated  detail  or  geometry 
are  involved,  a  longer  pot  life  is  desirable  or  necessary 


A 1  though  pot  life  is  not  listed  in  Table  I ,  increasing 
the  pot  life  of  the  65  to  85  Shore  D  liquid  polyether  ure- 
tha  ies  was  an  objective  Glycol  curatives  were  not  inves¬ 
tigated,  even  though  pot  life  can  be  extended  by  their  use, 
because  these  curatives,  when  used  with  liquid  polyether 
urethanes  often  produce  vulcar.  'zates  with  reduced  pnysical 
properties,  especially  tensile  strength  Curene  L  is  an 
amine  curative  known  to  provide  increased  pot  life. 

The  Adiprene  I.D955  provides  excellent  properfes  with 
either  MOCA  or  Curene  L  as  the  curative  (Table  I)  Greatly 
improved  pot  life  also  resulted  when  Adiprene  LD955  was 
cured  with  Curene  L  Vibrathane  B604  is  a  material  sinpiar 
to  thp  Ariinrenes  and  also  benefits  greatly  in  not  life  when 
cured  with  Curene  L. 
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Compound  U80-69  listed  in  Table  I  is  based  on  a  two- 
component  system,  both  components  are  liquids  at  room  tem¬ 
perature.  Because  both  components  are  liquid  and  are 
normally  mixed  at  room  temperature,  processing  variables 
and  complexities  associated  with  the  more  common  solid 
amine  curatives  are  eliminated  or  greatly  reduced. 

Ail  compounds  listed  in  Table  I  exhibited  high  original 
tensile  strength,  a  characteristic  of  the  amine-cured  poly¬ 
ether  urethanes  Elongation  also  was  fairly  high,  with  the 
except’on  of  the  10  per  cent  value  measured  on  Compound 
U80-69  This  low  elongation  could  be  a  deterrent  to  the 
use  of  this  material  in  butt  stocks,  butt  pads,  and  hand- 
wheels  in  which  a  greater  degree  of  flexibility  is  desir¬ 
able  to  prevent  breakage  during  periods  of  impact,  twisting, 
bending  or  torque 

Since  these  materials,  if  used  in  butt  stocks  or  hand- 
wheels,  are  likely  to  be  exposed  to  a  variety  of  outdoor 
environmental  conditions,  many  compounds  in  Table  I  were 
evaluated  for  resistance  to  envi  rL.nmenta  1  deterioration. 
Results  after  5C0  hours  exposure  in  a  Weather-Ometer  show 
that  carbon  black  offers  a  fair  degree  of  protection  to 
ultraviolet  (UV)  deterioration  when  used  at  0  5  pphr.  The 
UV  protection  of  these  carbon  black  pigmented  compounds  is 
increased  by  the  addition  of  0.75  pphr  of  Wing  Stay  T. 

Wing  Stay  T  used  at  this  level,  however,  lowers  the  original 
stress-strain  ,  roperties.  Evaluation  at  lower  levels  of 
Wing  Stay  T  was  not  performed,  but  this  would  seem  desirable 
to  determine  whether  suitable  UV  protection  can  be  obtained 
without  the  drop  in  original  properties  Compound  U80-69 
offered  excel’ent  resistance  to  Weather-Ometer  aging  as 
received  without  further  compounding  for  such  protection. 

Shear  strength  values  (Table  1)  were  used  in  estab- 
’ishing  the  engineering  design  for  artillery  handwheels. 
Details  covering  handwheel  fabricot’on  and  testing  are  con¬ 
tained  in  a  separate  '*?port  entitled  "Development  of  Poly¬ 
urethane  Handwheels  for  Artillery  " 


All  compounds  listed  in  Table  l  were  evaluated  for 
resistance  to  various  servicing  and  nonservicing  fluids, 
end  semifluids  with  which  these  compounds  are  likely  to 


come  in  contact  if  used  in  a  butt  stock  or  a.  Cillery  hand- 
wheel  application  Change  in  volume  and  hardness  after 
exposure  to  the  various  fluids  was  used  as  measures  for 
res<s»-ance;  these  results  are  summarized  in  Table  II,  All 
compounds  show  good  resistance  to  the  test  fluids,  with 
the  except’on  of  gasoline  and  insect  repellent  However, 
total  ’mmer$>on  for  seven  days  is  considered  severe. 
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Even  if  a  weapon  is  subjected  to  such  exposure  of  gasoline 
and  insect  repellent,  the  belief  ik  that  the'  weapon  would 
remain  serviceable  until  a  suitable  replacement  part  could 
be  obtained.  However,  efforts  to  improve  the  resistance 
of  these  materials  to  gasoline  and  i nsect ,  repel! ent  should, 
be  included  in  any  future  work. 

For  further  evaluation  of  liquid  urethane  materials, 

Ml 6A1  butt  stocks  were  fabricated  and  tested  with  the  use 
of  current  M16A1  glass-filled  phenolic  stock  as  a  control 
for  comparison  purposes  Since  a  one-piece  butt  stock  - 
butt  pad  combination  is  more  desirable  than  the  current  1 
separate  butt  stock  -  butt  pad  combination,  an  RTV  silicone 
mold  was  fabricated  for  the  purpose  of  integral,  molding. 
This  basically  three-piece  mold  and  the  inserts  necessary 
for  the  molding  of  undercuts  to  mount  and  latch  the  trap 
door  is  shown  >n  Figure  1.  With  this  mold,  butt  stocks 
were  fabricated  from  Compound  U8Q-63,  listed  in  Table  I.  . 
Test  results  obtained  on  these  urethane  butt  stocks  and 
the  current  production  giass-f ’1 !ed  phenol i c  are  summar¬ 
ized  in  Table  III  The  results  described  in  Table  III 
are  illustrated  in  Figures  2  through  6. 

These  data  and  figures  show  that  the  urethane  butt 
stocks  are  superior  to  the  current  urethane  foam-fill ed 
glass-phenolic  commercial  butt  stock  The  only  test  that  1 
was  destructive  to  the  urethane  butt  stocks  was  that  of 
impacting  at  -67  F  (Figure  3)  Only  fo^m-f’lled  glass 
phenolic  conimerc'al  butt  stocks  are  shown  <n  Figures  5  and 
6  since  no  damage  was  incurred  by  the  urethane  butt  stocks 
during  these  tests 

A  comparison  of  some  of  the  other  important  character¬ 
istics  of  commercial  phenolic  and  experimental  urethane 
butt  stock  is  summarized  in  Table  IV  Comments  listed  in 
this  table  are  self-explanatory 

The  op’n’on  of  an  established  manufacturer  of  castable 
urethane  products  was  obtained  as  to  the  feasibility  of 
molding  the  M 1 6 A 1  butt  stock  -  butt  pad  on  a  production 
scale  at  a  cost  competitive  with  the  present  production 
version  Mass  production  !s  poss-bie  at  a  cost  of  approx¬ 
imately  five  dollars  per  butt  stock  The  molding  of  the 
butt  stock  and  the  butt  pad  as  an  -integral  piece,  however, 
would  be  prohibitively  expensive  due  lo  the  cost  of  mold¬ 
ing  undercuts  into  the  butt  pad  port'on  to  mount  the  trap 
door 
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FIGURE  5  MI5A1  glass-filled  phenolic  butt  stock  after  on  rifle  drop-test 
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MISCELLANEOUS  DATA  COMPARISON  OF  PHENOLIC  PRODUCTION 
VS  EXPERIMENTAL  l/KETHANE  BUTT  STOCKS 
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